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Abstract 
Turmeric (Curcuma longa L.) is currently considered a potential source of new drugs for a variety of diseases due to the 
presence of curcuminoids, the most important being curcumin. The existence of genetic diversity in turmeric is documented in 
other countries but not in the Philippines, where turmeric is an introduced species. This study aims to determine the possible 
existence of genotypic diversity among turmeric accessions in Mindanao, Philippines using random amplified polymorphic DNA 
(RAPD) markers. Ten random primers were used for RAPD analysis from which a total of 209 amplification products were 
generated. Almost all the bands generated were polymorphic indicating genetic diversity among the accessions. Six primers 
(OPD08, OPB07, OPA11, OPA12, OPC05 and OPN16) had polymorphic information content values of almost 0.5, thus, were 
able to discriminate between the turmeric genotypes. Effective multiplex ratio and marker index were also relatively high for the 
same six markers except for OPA12. 
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1. Introduction 
Turmeric (Curcuma longa L.) is a tropical perennial herb belonging to family Zingiberaceae. It was originally 
valued mainly as a spice for food and natural dye for clothing until recently when it was discovered as a potential 
source of new drugs for a variety of diseases. Its importance in medicine started with the discovery that the dried 
rhizome of the plant is rich in phenolics, identified as curcuminoids, particularly curcumin or diferuloyl methane. 
Some of the biological activities and therapeutic properties attributed to curcumin were anti-inflammatory, anti-
oxidant, anti-carcinogenic, wound healing, and anti-viral properties1. 
Turmeric is a cross-pollinated, sterile, triploid species that is clonally propagated using its underground 
rhizomes. Though vegetative propagation is the usual means of reproduction, several studies have shown the 
existence of genetic variation in the species. Nayak et al.2 was able to detect genetic variation among 17 promising 
cultivars of turmeric using 4C nuclear DNA content and random amplified polymorphic DNA (RAPD) analysis. The 
significant variation in 4C DNA content recorded was hypothesized to be due to loss or addition of highly repetitive 
sequences in the genome. RAPD analysis also revealed intraspecific polymorphism among the 17 cultivars, ranging 
from 35.6 % to 98.6 %. Among the 20 RAPD primers used, two primers (OPN06 and OPA04) showed strong 
resolving power and were able to distinguish all 17 cultivars. Similarly, Leong-Skornickova et al.3 observed more 
than 9 % genome size variation in two accessions of C. longa having the same chromosome number. They 
suggested that the observed intra-specific variation may be related to the long-term cultivation and targeted selection 
of desirable genotypes in C. longa, which in turn may have adaptive value to the crop. On the other hand, using 
microsatellite markers, a relatively low overall genetic variability was observed among 39 turmeric accessions from 
a Brazilian germplasm collection4. Though genetic variation was observed within the states where turmeric is 
cultivated, the overall lack of polymorphism was attributed to the possible introduction of only a few genotypes in 
Brazil.   
In the Philippines, where turmeric is reportedly an introduced species, small-scale commercial planting has 
started and several companies developing herbal-based food supplements and other neutraceutical products often 
have turmeric as one of the ingredients. In Mindanao, turmeric is processed into tea granules and capsules both of 
which are widely used by practitioners of alternative medicine. However, in spite of the growing interest on the 
many potential health benefits that may be derived from turmeric, no comprehensive study has been made on 
Philippine turmeric. Identity of the species that are being cultivated as well as the possible existence of genetic 
variation resulting from varied introductions that may contribute to different chemical and molecular profiles has not 
been verified. This study therefore aims to assess or evaluate genetic variation among the different turmeric 
accessions from Mindanao, Philippines using RAPD markers. 
2. Material and methods 
2.1. Collection of turmeric rhizomes 
Turmeric rhizomes were obtained from different localities in seven provinces in Mindanao namely, Davao del 
Sur, Davao del Norte, South Cotabato, North Cotabato, Lanao del Sur, Sultan Kudarat and Maguindanao. These 
were designated as turmeric accessions (Acc) 1-17 and 19-22. For comparison, turmeric rhizome sample obtained 
from Chiang Mai, Thailand was designated as turmeric accession 18. Collected rhizomes of each accession were 
washed clean of debris and air-dried for two days. Air-dried rhizome bits/finger rhizomes were then used as planting 
materials. 
2.2. Maintenance of turmeric accessions in the field 
The different turmeric accessions were planted in a 500 m2 area. Rhizome bits of each accession were initially 
planted in big plastic pots (10 rhizome bits per bag) containing garden soil mix. Germinated buds were individually 
replanted in small plastic bags containing the same garden soil mix. Ten plants of each accession were replanted in 
big plastic bags (24 in × 36 in) containing bagging media composed of 70 % coconut coir and 30 % soil, and then 
randomly laid out in the field. All plants were watered daily except when heavy rain occurred the previous night or 
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during the day. Monthly fertilization using complete fertilizer or ammonium sulfate was done. Vermicast 
incorporated with Trichoderma was added a month after replanting in big plastic bags. Spraying of insecticide 
(Decis) was done whenever insect infestation was observed. Rhizomes of each accession were harvested when the 
lower leaves of the plants started to wither, about 7 mo to 8 mo after planting, depending on the accession. 
2.3. Preparation of leaf samples 
Rhizomes bits harvested from tagged plants of the 22 accessions were planted in plastic pots containing garden 
soil mix. Tender, young leaves from plants that developed and grew were obtained and served as source of DNA for 
each accession. Two additional accessions belonging to Family Zingiberaceae were included for purposes of 
comparison. These two accessions designated as Acc 23 and 24, which were obtained from Iligan and Zamboanga 
del Norte, respectively, were referred to as turmeric by the locals but their morphology was distinctly different from 
the rest of the accessions and did not fit the morphological description of C. longa. 
Fresh leaves of each accession were carefully washed with soap and water, blotted dry with absorbent paper then 
placed in individually labeled plastic bags. All collected leaves were placed in ice chest with ice pack during 
transport to the laboratory for genomic DNA extraction. 
2.4. Genomic DNA extraction and RAPD analysis 
Genomic DNA extraction was done following the procedure described previously5.  The extracted DNA pellet 
was resuspended in 50 μl to 100 μl Tris-EDTA buffer and stored at -20oC prior to RAPD analysis.  
Ten arbitrary decamer primers, namely OPA11, OPA12, OPA18, OPB07, OPC02, OPC05 OPN04, OPN06, 
OPN16 and OPD08 (AITbiotech Singapore), were used for RAPD analysis. These primers, which have been used in 
earlier studies, showed strong resolving power and were able to distinguish turmeric cultivars. RAPD analysis was 
performed following the procedure described6. Each amplification of 25 Pl reaction volume contained 5 Pl of 5 × 
assay buffer, 1.5 Pl of 25 mM MgCl2, 0.2 Pl of 5 U · Pl–1  DNA Taq Polymerase (PromegaGoTaq® Green Promega 
Corporation, USA), 0.5 Pl of 10 mM dNTP mix (Invitrogen), 2.5 Pl of 10 PM specific primer, 1 Pl DNA template 
and 14.3 Pl DEPC water (Invitrogen).  The amplification reaction was carried out using a thermal cycler (Veriti 96 
well Thermal Cycler, Applied Biosystems, USA).  Amplification was performed in three steps. First, the sample was 
maintained at 94 °C for 5 min for complete denaturation of template DNA.  The second step consisted of 42 cycles, 
each cycle with three temperature regimes namely, 92 °C for 1 min for denaturation of template DNA, 37 °C for 1 
min for primer annealing and 72 °C for 2 min for primer extension, followed by complete polymerization at 72 °C 
for 7 min.  Polymerase chain reaction (PCR) ended with an indefinite hold at a soaking temperature of 4 °C.  The 
PCR products were then stored at -20 °C prior to gel electrophoresis.  
2.5. Agarose gel electrophoresis 
Four microliters of each amplified PCR product were separated on 1.5 % agarose gel in 1 × Tris-acetate-EDTA 
buffer for 3.5 h at a constant voltage of 75 V, stained with Gel Red nucleic acid stain, visualized and photographed 
using a gel documentation system (BioRad Gel Doc California USA).  The amplicon size was determined by 
comparing with a 1 kb Plus DNA ladder (Invitrogen). 
2.6. Data analysis 
The banding pattern obtained for each accession generated from electrophoresis of the amplified segments of 
DNA were represented in a binary form and scored as “1” for band presence and “0” for absence for each primer 
genotype combination. The polymorphic information content (PIC) which measure the distinguishability of 
genotypes for each primer combination was computed using the formula: 
 
PICi=  1 - ∑ pij2        (1) 
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where pij represents the jth allele for primer 1 and the summation extends for n number of alleles. 
Cluster analysis was done using the Unweighted Pair Group Mean Algorithm (UPGMA) via the Power Marker 
ver. 3.25 software7 using the similarity index as described previously8. 
 
3. Results and discussion 
To determine the existence of genetic diversity among the different turmeric accessions from Mindanao, 
molecular characterization was done using RAPD analysis. A total of 10 random primers were used to amplify gene 
loci in the genome of the different turmeric accessions. RAPD analysis has earlier been used to assess genetic 
diversity in turmeric9,10.  
From the electrophoregrams of the PCR amplicons (data not shown), the 10 random primers produced a total of 
209 amplification products with sizes ranging from 130 bp to 2 100 bp. The number of scored bands per primer 
ranged from 14 (OPN06) to 25 (OPB07 and OPC05) with a mean of 20.9 per primer (Table 1).  Almost all the bands 
generated by the primers were polymorphic except for OPN06 and OPA11 where one band of the 14 and 24 total 
generated bands, respectively, was monomorphic (Table 2).  The observed high percentages of polymorphic bands 
generated using the different primers indicate the existence of genetic diversity in the turmeric accessions. 
 
Table 1. Description of primers and PCR amplicons generated from RAPD analysis of the turmeric accessions and two outgroup 
species belonging to Family Zingiberaceae. 
 
RAPD Primer Sequence (5’-3’) Amplified bands Size range of amplicons (bp) 
OPN 06 GAGACGCACA 14 250 to 1 200 
OPD 08 GTGTGCCCCA 24 310 to 1 400 
OPA 18 AGGTGACCGT 20 150 to 1 400 
OPB 07 GGTGACGCAG 25 490 to 2 000 
OPA 11 CAATCGCCGT 24 300 to 1 600 
OPA 12 TCGGCGATAG 16 270 to 1 300 
OPC 02 GTGAGGCGTC 21 160 to 1 400 
OPC 05 GATGACCGCC 25 340 to 2 100 
OPN 04 GACCGACCCA 17 260 to 1 000 
OPN 16 AAGCGACCTG 23 130 to 1 000 
 Total 209  
  Average 20.9  
 
 
Table 2. Summary statistics for markers used in RAPD analysis of turmeric accessions together with two outgroup species belonging to Family 
Zingiberaceae. 
 
Marker Nei’s 
gene 
diversity 
Polymorphic 
information 
content 
(PIC) 
Number of loci 
detected (N) 
Number of 
polymorphic 
loci 
 
%  Polymorphic 
loci (B) 
Effective 
multiplex ratio 
(EMR) (=N × B) 
Marker index (MI) 
(= PIC × EMR) 
OPN 06 0.43 0.37 14 13 0.92857 13 4.81 
OPD 08 0.57 0.48 24 24 1 24 11.52 
OPA 18 0.48 0.42 20 20 1 20 8.4 
OPB 07 0.55 0.46 25 25 1 25 11.5 
OPA 11 0.56 0.47 24 23 0.95833 23 10.81 
OPA 12 0.55 0.46 16 16 1 16 7.36 
OPC 02 0.21 0.18 21 21 1 21 3.78 
OPC 05 0.42 0.46 25 25 1 25 11.5 
OPN 04 0.57 0.41 17 17 1 17 6.97 
OPN 16 0.53 0.45 23 23 1 23 10.35 
    Total 209 207       
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The polymorphic information content (PIC) of the 10 random primers is also presented in Table 2.  Six of the 
10 primers, namely OPD08, OPB07, OPA11, OPA12, OPC05 and OPN16, had PIC values close to 0.5.  The PIC is 
considered in most studies as the character of interest in the selection of useful or informative markers.  The PIC 
value reflects the number of detected alleles and the relative distribution of their frequency.  Low values for PIC 
indicate that the marker is unable to discriminate between genotypes and a PIC of 0.5 and above is indicative of a 
good marker11. Effective multiplex ratio (EMR) and marker index (MI), both odf which measures of the ability of 
markers to discriminate genotypes, were also relatively high for the same markers except for OPA12.  Surprisingly, 
primer OPC02, which was able to amplify DNA sequences in all accessions, had the lowest PIC of 0.18. 
 
 
 
Fig. 1. Phylogenetic tree of the 22 turmeric accessions together with two outgroup species belonging to Family Zingiberaceae 
obtained from different provinces in Mindanao according to the UPGMA with similarity index of8. 
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Figure 1 shows the phylogram constructed based on the polymorphisms detected using the 10 random primers. 
This was used to determine the genetic relatedness of the turmeric accessions including the two outgroup species 
(Acc 23 and 24). At a similarity index of approximately 30 % the phylogram separated all 24 samples into two 
clusters. To Cluster 1 belonged 11 accessions while to Cluster II was grouped the rest of the 13 accessions. At a 
similarity index of around 100 % both clusters were further divided into two sub-clusters.  The clustering of the 
accessions based on the phylogram did not reveal any significant pattern according to the locations from where the 
accessions were collected except for Acc 4, 5, 6, and 7 which represent the turmeric collection of the University of 
Southern Mindanao, Kabacan, North Cotabato; they were grouped together in sub-cluster IIB. Accessions collected 
from the same province belonged to different clusters.  However, there were also accessions that were collected 
from the same province (Acc 1 and 2, Acc 13 and 14), which were genetically similar. A similar result was reported 
when9 evaluated the genetic diversity of five cultivars and 55 turmeric accessions from 10 different agro-climatic 
regions using RAPD and ISSR markers. The authors attributed the absence of location specificity among the 
collected genotypes to chance migration of rhizome seed material by growers from one region to another. This may 
also be the reason for the observed clustering of the different turmeric accessions.  The introduction of different 
genotypes in the form of planting materials for cultivation may have been the reason for the varied genotypes 
present in a particular province. 
 
4.  Conclusion 
Six of the 10 random primers used for RAPD analysis exhibited relatively high PIC values, EMR and MI (except 
for OPA12) indicating that the primers were good and were able to discriminate between turmeric genotypes. The 
clustering of the accessions based on the phylogram generally did not reveal any significant pattern according to the 
locations from where the accessions were collected. Absence of location specificity among the collected genotypes 
and variation in the genotypes present in a particular province may be due to the exchange and introduction of 
different genotypes in the form of planting materials from one province to another. 
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